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This is EXHIBIT FIERS~23 
to 

i the Affidavit of Walter C. Fiers 
J sworn before me 

/ I this • ^ t& fiay of November, 2001 



1 Commissioner for Oath or Notary Public 
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This is EXHIBIT FIERS-22 
to 

Uhe Affidavit of Walter C Fiers 
,\ "C- I sworn before me 
' Vt^is $ th day of November, 2001 
/ i *>g^> : : 

... Comniissiojier for Oath or Notarv Public 
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This is EXHIBIT F1ERS-23 
to 

ijie Affidavit of Walter C, Fiers 

sworn before orse 
tfa|sf 3 th day of November, 200.1 



^ -"Commissioner for Ostth or Notary Public 
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This is EXHIBIT Ff.ERS-24 
to 

the Affidavit of Walter C. Piers 

sworn before me 
tliis 15 it) day of November, 2001 



Commissioner for Oath or Notary Public 
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This is EXHIBIT FIERS-25 
i to 

the Affidavit of Waiter C Fiers 

sworn before me 
this 13 tit day of November, 2001 



Commissioner for Oath or Notary Public 
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Pmc. >W if.&d- 15.^ 

Vat "T". Vs. 3. ?•>.. ieptOTtsr 1S80 

Biaelwnrtutfy 

Expr«s§ioa the toman fibroblast mterferosa gew Is 
Escherkbh eolT 

lAO\nva: TANfcixKi' a.vd 

jLegnamj Ci'arents', Thomas M. BoseRTS r , D avjd f&inTLMs.v*, John DoC'Hav III s . and 
Mark PtaShn£ ! 

*Orw?f i<wt<ty:*. ii^WfUT? F^rti^Hjw is? C&fiurr fittest. 7<M&i8>*°K«. Ts%v* iTO. otvi *T5« tt'sipgtc^ l*tcy«aa?ttj, H&**irS imtfrmn, CU«ervi<s 



CeMnhiMd %■ /anr 2$. J8S0 

A35TBACT W* »ppi«sf (he method of Guarftste «r si 
SCu*f*t)M. L. L»ti«. C Robert*. T- * Ptaffus*. M-s tSSSS C*fl 
23, eositivct pUsmtrft iktt direet upm*ufa i» 

SseheriMt out ti At humect i'ibrefetast ioi?rS» rao i F»!Fi less. 
T*>o piMmitis mm teec.vettd.Qw direst* eSfieiefit ivathesfe 
sjf * c*<5te*ij *ho*e primarr s&sfwtns* vt thet et pee*F4F*twi.the 
other, ifii< of nuttitv F-IF. Eitraeti « l*atf*ris iv»tfers«isg 
mstsjre F-iF dijtpi&v Sfi!ivi;sS »clivi!v rh»t*et*ristie<if hticnsB 
F*lF,Th«t activity « foweetiuta (hat etpwird Sam tfce iif ier- 
ffflW rait af rynti>**is >ii lite pesteiis. W> K*w <}*lseted ft*S iiifits 
activity «i of hastens OTtstbesiriog pre-F>IF. 

Kamaa hbrebba interferon if -ff> is s f iy«prcteiri produced 
by human fifcrcbiasa its scspcr.it to virus atsti csrrtur. pcivnu- 
cieoeaies. i L 21 The iesfesed ptaieift aw peters? artfmrsd sertvsry 
ihst Is readily aoaved in rilro i£, JJi. The tecjoeaee of the 
«jrttx>-termt6*f ti amino acjsfa si F4F has be*t> repotted 

A sDNA fficsiecyijf etteodittg human F-IF wti doned by 
Tanigvsern *t <si. tS!. The DNA stqvenec ef thi* rsvskoitSe pre- 
dict) that the secreted F-IF senttim £.66 amino *«ds, the first 
13 of which wot: id be trif micj] to th* cwrtsponding sequence 
o{ die ppMcro as d«f«nt!ir«<i fosi jfe « a/, i 4i. Motee-m, ibt 
«<j «e«t* is esnsisteftt «) A the idea shit F- if is sy<itHc«Md i» 
* prtcuner ;prt>F-SF'i *->;is * 2i<»sm»»-*c«i hydftjphsfcje 

A sent* c£ pafiefT ftani ihii isbsratary* has dsveiopi«i 
methods ti3 ssjssss citKied ^rfltif^stk ma ffi»Mrjroti« genes 
in EschtffehimxSi sS-i IS. Ths protein products oi these pias- 
mic^carncd g*ne» w«c» piwwM in ihm »«ti«« suies — tW 
is. unfysfti us orfwr pmseirts iS~ 1 11 The eowmal f iatsa* si this 
tntthosi ts io jwtiun s " ports b« pwmoSer in front of :he 
sbfifd gtjss so rhi i fjwt getss is tfOcttstiy irafliarrifcsrd and tiw 
tMuittni nK.VA tiefficieftiiy wtmbtietj. brgmning *t »i> int- 
RMten v«i» — e g-. AUG. Tim AUG but ncwi aec be. that 
which dsrrea KuwiSofi csf svnthessj the taaw protissj esoa, 
TV proeeda» of Raiieta « si. {3. 10) rrabhs us ta pasiasn t iw 
poajhie pfcenxef at virioas pcsitbfij is ffsns of the eSeo#<S 
gene hy t»«g fecwnbirsation sn «(rrj TH? jne*k>d oi Cu««jsijt 
ef el. Hi} wpfcsa is£- geneoa w itjeistijy thaMr passiicraesJ th»i 
•"is-'rirf *ftKnew: wsflScrtptKsi »cf iriiaatwn cf the trSonaci jeae. 
This httier procedure eitattnttet th« tw«S F«f afty w»v fpr the 
gene product t« ujefltify (jwtc bsctsns that «x$r*M the dw>r«S 
pmttttf s«* MmW a/ C*«# £^M»sMi is fowftt}. 

Tht ptoseia sn^ ONA ietjuefKr djsa feferreti tsifaove in* 
sties ic th»t hesb F JT i«d pfe-F-fFfeesr rtwthsesifte ffsw«w 



■Sin jwbissuiJS «8» of lha irtkis ««< 4rfl>*ctf « p*R i>» p»ge 

tenutmim" u> stewsunw wi«!« t! t*. S, C nti«iv » iodiast 
sha Si£f. 



at their *mwo tsfrrasnt i4. 61. *> describe m !b« psper ih? 
ippiicasion of the method of Cutteme « <ti', » ii'. io ;he f.tjf 
gene. We describe *be csnwruction *tsA idtntsfscstioti af pjjj, 
mi{ti that direst the efiicieot »ynlheMt of two pfweias. Thf 
pntaarv irsjuCTiess app*r*!«!y corrwpsjrtci to the sequettcr of 
F-IF in «ne ea» wxi to that oi pre-F*fF i« the ether 
prodiieesj ia tssaens prever>a vir»j growth 4* «say«i g, 

AiSD METHODS 

D.SA Coastrueiieas- Ail iwhtttqa» »ete » tjeserihesj 
Cwetif*«4i. (i n, pTESS (js* Fij, ii w»«(!Tt!*r«tte«i « t*™ 
arfs Mhws. First * pisstaid iptfcl * 1) »w eewsnsted tha 
near* s AfiadlJI tynthefie Sinber ihrst otttiesjtwks brtW tfej 
ATC of pee- F- IF i6|, this wsi irestssspllsfceid by ^siBtng ftsjy 
DNA }'ri|!»«ntt: it! * BetnKl~?st I bseihst* Jrstsnew !wa 
pLC4(X3 iWi {«} t ^in<4ti«-B^i II fragment wnoiniBS tk 
entws F4F etstiiRg ss<?9*«ce from TpIFT5l§-?3 :&h .sm) s 
?.f i-Ptw ilfwsmeM frost pCLlO! beafiitg the S' «t>4 of ti» 
««? seocc ansj fiei * ffintilT! linker. yg»tism of thtae ftsj. 
ftsents fuses two isffijiJenswttry jaackv «od» (?ss Wit I jgrf 
&»mrp-a|« !I! arid two blunt ejxit iPon U-H»n^t3 linker tat 
HifisSIII iitiker-ff<nilIJ}. Tfse ?n { j/mitug thiu re^wtrrui® 
&mv. Sexmi, pTB5i »ss c«nst rutted by jsintttf. thr«t fns- 
nvertts; ;f ! > Pit l-ftt f {rigmsttt ijfom pLCl 11 betinns tbei' 
pomsfl oi an.p *r»d tfw S' portion of the F-SF g«se; »a » 
feraai fragmeni of the F-f F g«r»e ettendlng trsra the Fit I st» 
;o the first dmrnatnatm JSftn{ »ie it>}, the Utter having hass 
tendered Btish by DNA paiymerase t (12!; mi ml s ft* f- 
SamHS ir»j{nsj?nt fromi pLGSCC ! i ii that hew* th* 3' e»i «J 
amp aivet a 3' frisment ol I«t2. The SamfJI ttd k ihs$ ir»s- 
ment h«d been rendered Hash by DNA poh-rftetsje ISUi !> 
gsfson of these frajpsetta jfemsrstes rwu Ptt l-Psi i fitijra. asss 
of »bkh recssfteituttssmjs, is vyitSw* &wsHl ifs&d iBi-fftaf 
if iikd in) fujjsa iewtfig the 5' portsoa ti the F*fF ttt# in fsbsss 
*i!h ih« 3' portfeft si kcZ icf. rttfs, 6 sfid III 

SjniioUbeiiJsg of Proietnt The fjrocerWe hu bea> ^» 
scribed ills. FukeSstfaaJinj »jawith3iX)iiC tl C *3.TS£ J£!' , 
bect^twreli! of {^frstrthioaifte at«i th*siiss{ wj$ igkirtd bf 
idiijrig z I00d>f aid snoesi o! ur.lahelets raetrtionine. This «sf 
done it 30* C tabekd etrraiti ««re rats e» 155 scrytosiids 
for ttssJysis a described 1 13). 

PtEp*fstscw of 8«et»rj«i EatratU. Eitmcts wers Jsftptfl^ 
«sentitijy *s described by N*pu ft <ti. {UJ es«?r (shea?* 
methyttalf otsyi fluoride lati E0TA *e«r added i» the h 39 



^bbrevj*t*on*; F^JF. fifcrfiisUit inte^eta^, St^. $TiKt*-&*ie»r*« 
* Tiw woric <s*4crnb»^ *'M wt by ih* *tfthon *t ^* 
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$332 8«*l«SKs»>' Tamguehurt ti. 

- -W , „Ji — 

FtC. 1 Ml Sudsctxie m«aot ef i» OS Ai aJt*2s4 i**s 
eftewiinj nJswBwt-tiwsdiaf »(*» «' |»8*» sscadir^ 9W-F-JP till 
siblMSi sssi mum f IF im pLGS l*8i. "H« vtnteal ii«» laprnvi 
MquMct* «!T«*t s« tit* Sat sorsssw fngsaftt from F-if".«st»Bss, 
The boxo* tiw £af Z SO ju^asst* and .V<"G» * r.rafiiflg tiw 

&mjwf>-;efm!aftj rrmfcu-ic.** s ; Sfe-'F-if *r.<i Ssstvrs iS> 
Carrwfwnbtaa taptti ei anSJ'jypa iflti r STf. 

tFig. iC. se* also Fig. 35. The DNa ctmuinn* ft* Sag 5' tfK» 
fra^i3»«it w*$ ccmooec trA repiactd with the 5' ami ef the F-iF 
gsfte. ts^e-seraSirig intact f-IF ipLCSiTSi jituj pr*-F»fF 
spLC 104ft i, in whtrh R i«ti«i« tb* ?*eora«Sut»d F-fF gene 
i Fig. mi 

H&tmiif that Direct if* Syrttisesk of FIF ipLCi I7B) a»d 
ps^-F-lFijii^iatRi Fig. W itw»» the DN'A sequent insuni 
the tuns-wo* 15 of the po-tsbie pnsrrs«i«f und ihs ATCs en«xiifig 
the amino feraswia of prs~F4Fip!.GS84 afid pLCSOiRS awi 
that of mature F'tFtpLCii'tttd pLCHTIU 5ti each caae. the 
SD ssqu*twe lACCA ! as* beZ «<ri«J on (be pnft*bie promoter 
has tsets fsaatsonec sewn tos pairs {mm shs ATC of F-IF. Tha 
is p«csae!y the distance between ths? SD sh^uctks sue shx ATC 
foBftrf to wilct-typc UtcZ (Fig. W> These partwruiar 
^utntiiit wfus wrie. in »h* screening that yseidsd pLGlM. 
Uctose-uaSixisg soiornes appeased at > f re^wtnev of apptsri- 
m&teiy Ftasmtci pfcCl 17 wjj itMstttifimj in * ttpwtit «» 
penmeat t«v9ivi»| »o»e #jctnstv« eftanssdeolytic digestion. 
\a iim case, iaaaae-uiiteng eubfties ««« fotaxJ « a feixjuefsey 
of sfiiv *Bpr»«msteiy 9.W js* 

?wt«in$ fn&vxti by pLCi*tI gLGJITK The en- 
perunwii irf Fi§. 4 uses tte "majacsil" Secfint^uc to dtspb? ttot 
pra<e»ft* encoded by pLG i£HA sB£i pSXS 1TR. SustsbSy srattd 
rtaajtK&iEisfSrrWiStaiJy useorpeftte MMikassw &mvxs acttii asto 
ptaimrf-eftstxied fffotetns >h*t un msilf Y>tmiius4 by *uto- 
f»diogr»pby ijte» »soiyaety(sLins4e gei eAeettophcresis vii. 16), 

in *ei<fct«sS « i» iise cat <rf ptC UTR, * ptm&a 

«fw pfadaeea widi * flaaitenkr iwgitt of »ppro»j£Bat«!y 

oaXKOets the fWsjJetaj (frsim the ON' A 
tije e( ungjyeayksesi mslweF-SF S6J la djesese gi pLCiSXfi. 
ths pmuttt ptocttCT?! had s {Sssksntkr "«jht of about 2o,OGO. 
whick csrmpsatit ts She ?r«ii!tt«[ mofeciiSw weight o{ >jt>- 

Fig. 4 tkiwr ">he t'ate of ptii]e>Iabel«d ptCiEMB »od 
plCiiTR pf«*)i» m i (n»we#ii *xpenmifnt. DeniitCfroefry 
ttttffBg os gei {aot tswi"*} jevesis tim pre-F!f coin- 



t Tkti tcfwtiKig *!» » tfiifdf«»Mt. pLCIiS. in tita oua, !h* 
pr-nsbif pt«iscttr a iiur(ra ts nacinixid* tuf that xeixtxr rn- 

thf F-!F i«a>r sjsj» © i>is« imas *h« dafw powbir 
tiatst mpici -.Si Sjtpeninefio nm<W te i'm **ptnmeftt si 4 
$u$$b£ w thk t3Me. pwssipwsjytistew attiistej ?t th« tr«btm&i ATO 
txsuri tt psMssi i 73 sfl ?h« D.^'A swmx {sjbiiiiis^ B* T»tjocis 
ft ui 16. 75. Tlus ATC is fsroiilomiy pnscwsnj fey S&-tikr «n«erant 
to tihs F*!F §c*w. We ais «ot u?s4mi3U«i ht>w fb* osrtiSsie proouatef 
ptMtBSfni ;S piCUS smhwwa *he *ffi£Hr»ey oi ittiSutuoftef )(>a 
ATC 
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?jc 4. PreitiswsftraxWfcy pisssntdsssLGiajH 'p.«»f Jf^iKd 
?L0ii7S >?4f\. Pi«ssji4 ^iatt>«s «»» iAtM ky sh» autsssiij 
iechniqi»US>. ?Ri«ii»sBcsjS)Hi ^ivpLCitHR i*isl«S i'w j ss a 

(RitajoaintfM !3mia5iM«ai5r S«iJ!ii»ft*3< . Lih«ita( «aj thssj^ 
•Mt tmUwuttf tty ttttmi *iw »ii» Aiisr spinnif^ tor 1 Sis m M 
Epfssnderf c*ntnfut«. lia rsil s«i!t» <•»«• »uKwnatsi »s Lmsuoh ! 

teiftr 1 t3i. incuS>*i«« fot i fSm »i iOC'C. »sti tu%(f«»d: « 
*n*iy>a by ittiywryiMMtfft ^«i «i*<ttaphot«(a ss Swetttse >tl, 
aiisiitarty. sj«ftsa»«fscas«i by pLGlS'8 <»src !»b»t«i fat »<mjsu«s 
li mis! caiitd (tf 11 min t»aft« 5s of 50 inin i!*ne »i. Lirjs T. *. m« 
3 4api*y tht tuM S»b«iitt5 pHfttmtti eft eUjntifi sCLiOi. 

iynihirassef t*t?ba i-|Jobta Jjv'R^V-'SCO ttfci«uiM s*ii> »Us*^ 
iikirvu^ sn^iystd a ibw i& i^acs iC. U. &&fi i» 

pieteiy aegt^ee^ in » SO-min stvaw {Luss» i anti it. wd F»if 
»s» shout $05% {jegrsKSid «t (Kit time i ssnes 4 3«d Si. Airhoo^js 
pfcc«»t>g £if ^-iactitRiue from prt»-»5- lactamase is evid«i(. 
pre*F*SF u 4f>partftsSy set pfocsrsed. 

We esUauttd the sf o«r F«{F and pre-F"-{F wmKom 
sa two »*yi Fsto. we me»sur*d the srr.ount t>! r3dtB*co«!y 
tnctsrpsratesJ fiafttig a B-mm puise into F-iF ittd ptfflf ss 
2 tmw«Q atperSawfit W* essnjj&rtci :ir»» vaitsa sfjtk a knowa 
st*»J»«L aartiely. rabbit d-gioijin jvt!tb«aierf by the piiajsjrj 
pLG3C2-2f {JJ5 (i«e Fi$. -IS. Titu seo^t^iriaan sass«s aft 
«-ete the F-SF rooieeui« Hifaie, the steaity-stiw i?v«tj w«>y 
Sac 50aO-!0,OCO tnoiecttles per «!!- S*eon<i we iontd ti«> 
|?sr*tfiS eelSj Wr-jsg fsksisirfs pLGU" sffld ptCifM (ymajsas 
sbmsi ii05-5400<jwt»t!? ^gaiaetjsjtiiss i i9i Aimtowg thas 
ihe hybrid F-(F sar prtf-F-fF^-iJ-giiicteaidase msspcuies 
the ante specific *cti«»y at ii-j*is«wid»se. thii v»S«t« ttpt* 
n/tnti 3Q3CM 0,000 rfn5ieeui« per «ii (Hi Ptsvttsy* espentsee 
-with iS-giketeasds^c hybrid pf«eios modtfiecf »t. ^*tr 
iermifti ja^tsts shat tiwy «r« tt*fei* tjoiing growiii s£8l 

Astivijfii Activity oi Httfo*« Fiferobiwt iol*rf«tM 
folyi»|!«i«i« Sf»tk*ti*«t ic £ tnli, Sxmeu of Uctrre 
hratmg pkswiii pLC i ITU tnbtbitwi fnwrth at wate^ar a» . 
jn»liHB virw ** hssmm f SbfabisisJ telb in a iypieai iD!trf«i«a 
assay (tntetatioa ef eyiojathk aftecti ii. JU Th» acttvoy w 
ib&Iabesi by snJibssey so F-'F but fsot by jjntibodv toieiikcyK 
interfffsrt ifjg. 3). Mafecvirt, sf b*at«* tarryu^ 

pLCifMR, pLGi iSa and pBB^S faiW w maniftsu arsSvwii 
ietivity. Th* witivtwi activjty directed W pLC iTR «ur«»» 
a sojswri at bw pH ipH 2.0! or trtattrnffi >» <tts DNsjc 
RNase, but it to abitofwd by trypssa ataeEnimi (tSata nomhe^A 
Astusmng that ungiycMyiated f -IF it u aetive as giy«jsyiat«$ 
F4F {2X 10* uwsa/mg iWl tbeatttvtty we !>p«*Siy taw- 
.♦red wisutsi eorr«t{«w«i to apprajHwiteiy 30 interfeten 
cuies f«r fes&itrrtai e«!L 

DISCISSION 
Ooi rasuiw Jtrongiy ssijjgssi that oaf applicatiosi o{ ttw n«*h»i 
of Ciawente #t £ U ? » tfve F- IF few ia^«d by Tamjpxfc 
et si ;6. 7! bai p«sduoed twe pia*tnj4i <pLC!£wft s»i 
pLCl ITS! that direct the symhwaoi' protattu whsa* ptitnary 
ss^ysniws wsnetpend. respectivaty. to these of pra-F-'F *<■ 
F-fF. 
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Bscfbgffitey- TwUgUCitt WS^- 
C CO 0,0 0 

CC& OO.O 

i us»i F-ff 88 W"?* 1 * "* ""H*- tessea «f bssnSij ptli J ITS 

«)* «M i« *;S<jt™s* «* haS&sts JibsaisSasS c*& «F5-"* snwwftS 
■c swfsastr 3(*is*s. Jo t*o taws, ibsss «itms< *»f» pnu»»*«i 
«M»»Mt*'«« to r -JF u6 «t«t taii&say w fcutocyt* >»• 

-jtf.iM tU-IFl- TV trastesi s*Us taii!tnjf«i trfti raisttlai • 
^jMsiuaa vtf*j» *i>a stsus«3 ws«s ctysui vtote IS). W*!Js {sowjoiti^ 
,tiS* tffi:«J«<srf «s* »>*» M sswuKtoti &gsia*t vini isftawss ststa 
sals tki* 4y* . Ajo riwww «* « fee *ff»«a of n» «sus« sad ta 
tuna 0!" « Mf *» be»»«r s8RS21 

X5jee piajsrstii h**r s i3jf porubW jiroBSctct abutted ffl the 
iTC erwosSifsg ti» *3Sii»'«!«sinaI aaetlawat* of pre-F-ff 
( pLCIO*{U and to she ATC ensafcns tb» assist wrosiftsl 
SKtMeoinc ef F4f ;pt-Gil7K5. !» s*«n «mi these promote* 
p!«*si«5SJ were originaiiY sveofaiitd by their ifeili&s* to ef> 
tewntlv 4it«« iv«skew of » F-fF-&g»i*«ta«iiis« hybrid 
pfBtiss. is each esse, she sHitiUKas eepsraiiBg ths SO ssqwrtfee 
«{ i>< tee proRtotw f rsstn {fee ATC is firesssesy thai fosmj is tbsr 
cat of wiki-?ype lacZ. Wjtwa cajr.o»i«d wise pSB332, 
plCliTR uii pLC10*R e»ch <Sf«rt svstisests- t>f ooe 
ftflfsis ot moieR&r weigha tpjtfsssasatriy 20,300 25.00CX 
!(s$efi£jviEi>-. These sre tb* rises e*f>e<f»flt far angiytwyistKi 
jswtsifu *ith the priffl»»y seq«*n€«s o{ ?*i¥ tnd pn-F 4T u 
prtskttd inoi tiss DNA j«<5««fste of Taoigijeia « «/. j8l. io 
f j«vtss» »*ei, »« iw«f {tstad sJsst forawtwn of Swbritf 
ntiitcmp-biniiing sites, not aisaimiSw t» th« ono sfiowrs btp& 
fore iire«eci wrn«t iitiiiittati af prowis lynthesi! tritMt 
i-jieita. nmi*fi vism 40 tamer {tj *S0s«ft, X jeprcssorS m sj^ 
itfssaned fayifeifrtwatoeiiisid SKjwsadagSS-iJJ. JsiJlal tbess 
sasei tie sifflAfS- wmaaJ sa^ioOftaa «*t tn»irita>oed We »ssv» 
net <fet*tttsiiws} ih* tmino *«ui sequeaee «rf ovs b&cten»ii l sr 

PSuca?! pliiUTR. but t» other pkaass desmbeti k^e, 
aiftess naavjtiJ msavny ek»»«ittsoe <x T*Ve uaekr «asr auay 

i%"> thifi tkni pre&etftti tffi dte b&ij ifass fs(s i! which the 
pwtew a s^TJlhsssird is air tactsna. W« trr«.gjw thsr fo&vin$ 
pesnfcts 8rpknat»ns for thst di/f sfeooe. 

its Ik; patciis b fip«ii> &tp%d&&. TV p^dbp-chiit 
ffflttwnf «l Fig. S to^ass* thst the bsaertsJIjr ptoivetd f-W 
pflssrift it ic<sr<rKtt atwtsibie utxin t>« js*ftacubr csnditiens 
<^ that tipsrrfcnt-DV. &jt thss titjprrc of ifaubility w<w>ei t»4 
Eot trj< ti;ffm?nre bssmesm thus exp9et«i 2nd (lie ob> 
»fy«J «juiL T)» fotjsisttacs «n4«f whfcb we vuuaiiaxi *be 
pwceija (u.. ui msJBceik) may not *ecu»*wly reflect the erttssl 
<rf Cfp-iiljrtKi 05 gruwiaj ariS* 

asy h»ve bw >|>scifsc scslvit)' is wr m e&tm *my, 

\&\ Our awliwct ef wtnctuw to«y sot eff jrsenliy recover 
wSve F< JF. W* have net syKeasstiesiSy varied growt h cotwfr 
ffirthwb af esttscBOB, 



?ms. $stl Aesd, USA 77 USSS) 5333 

We ba«s oaiy hirsts ss ta wfey prs»?-SF, svs&sa ©f which 
a iJirsets^t by fi*GI04S» ix^aily tesciive is «ur jtsny. k is 
fssssifak S&st tiw ssproes^ssi f ss«a a iaissreatty its&cti vt, lh& 
mssseeli esperassfats skew m iadisatoa thst pj**F4F is 

F-1F, Ot«ai« ft «i, {333 fta«e d«sc«faisd s esse itise kucits!» 
specific bt«ding ss»t«ift} is wineii tfee »*ture torn is 5«a iaft- 

j hydropsebie baiter. It is |ss»s&Se Jiai pre- Ft IF is sipondl 
ta the psrijtoa *vtij of witfcoat eoraaseairaat ciesvsge a{ tis 
Sesdsf isni « r»pidty dsat»t»y«d tfetc. 

W» sre teuS«b*8rf J5», f . Vilas* f« 5«» iuip s»d wpplr ei ina- 
baaki. The wari ef X T haj b«n supports^ by s ffiol freia ik* 
C»!»«; Jfl*siJiwe, sad T T iktns* Dti. H. Su^iasei jssi Vt Sfafifrawj 
tiaftr «ftec««^sai«vt LX. i* * ^i»f^iocis?*ai f eiW of ti%t Ja^x? 
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The human fibroblast interferon gene was inserted in a tkermoirtducibie expression piasmid under control of the phi 
lambda Pl promoter. The primary translation products predicted m the basis of the piasmid constructions were hyb 
proteins starting -with ^-lactamase or phage MS2 polymerase information followed by tke iota! preinterferon. On inducts, 
antiviral activity, whose physico-chemical, immunological and biological characteristics closely corresponded to tkost 
authentic human fibroblast interferon, was synthesized, Processing -to a size compatible with mature but ungiycasyia 



authentic product was observed. 



OH exposure io viruses or other specific inducers most verte- 
brate eelir. secrete protein{s) with broad antiviral action known 
as interferons. Human interferons are being intensively studied 
for their antiviral 5 , antieeUuiar 3 and immunoriiodulating 1 
activities. Clinical trials have been carried out mainly with 
leukocyte interferon bat also with fibroblast interferon, and 
some promising results have been obtained with both types in 
the treatment of viral diseases and cancer 1 "". Tests with fibro- 
blast interferon have beet) severely restricted by its very limited 
availability. 

In a previous report 10 , we described the construction and 
characterization of chknaerie plasrnids containing human 
fibroblast interferon { HF-IF) cDNA. Two other groups have 
constructed plasrnids containing either human leukocyte" or 
human fibroblast 1 * interferon cDNA and in the iorrner case, 
interferon -related polypeptides, as judged by biological and 
iatjnanologicaJ criteria, were detected is E. coli strains 
harbouring the ehinsacrie plasmicfc We have now inserted the 
HF-IF coding sequence derived from oar original clones into 
appropriate sites on specifically constructed expression vehicles 
which contain the strong leftward promoter {PjJ »£ bacterio- 
phage A. The functioning of the promoter could be controlled by 
using host strains which synthesize a temperature-sensitive 
repressor }'d-ts). We describe here how plasatids containing P t 
in front of the HF-IF coding sequence direct the synthesis 
of polypeptides with fawraan fibroblast interferon activity in 
B. coll- 

\ 

Construction of plasrnids allowing expression 
ol HF-IF 

Construction of the different plasmids containing HF-IF DNA 
under the control of lambda !\ is schematically represented in 
Fig. 1. The formation and use of -acceptor plasrnids pPLa231 1, 
pPLa8 and pPLc24 will be published in detail elsewhere (E. 
Remaut ei oi, in preparation). 

None of the chimaeric plasmids previously described contains 
an umntemipted HF-IF gene'". A complete and continuous 
coding sequence for HF-IF was reconstituted by inserting an 
EcdRl-Pstl fragment from pHHF-6 and a Pstl-Haell fragment 
from pHFIF-7 into the piasmid pPLa23 1 1 . From the resulting 
piasmid, designated pPLa-HFIF-fi?-!, a BgIB fragment was 



excised and ligated into the BamHl site of the ^-lactam 
region of pFLaS in the sense orientation with respect to the 
promoter. The known nucleotide sequence around the Bam\ 
Bglll junction in this piasmid, pPI 1 % predicts t 
a polypeptide initiated! at the AUG of the ^-lactamase part * 
terminate on a doable amber stop codoa in the S'-mntransla 
region of the HP-IP gene, 23 nucleotides before the HP- 
initiating AUG {data not shown). 

pPU-HFIF-6?-12M$> was derived from pPLa-HFIF-67. 
by deleting a Hindtl fragment starting within the ^-lactam 
gene and extending «p to three nucleotides before the HF- 
initiating AUG (Fig, 1), From the known nucleotide sequent* 
the ^-lactamase gene (as determined on the progeni 
p8R322)" and of the KF*fF gene' c , a continuous reading fra 
starting at the initiating AUG of the ^-lactamase gene t 
running up to the terminating UGA of the HF-IF gent 
predicted. The expected fusion polypeptide consists of 82 am 
acid residues of the # -lactamase protein, one amino acid ccx 
for at the fused Hindi! site,, and the complete poSypept 
(including the putative signs! sequence) specified by the HP 
gene. The predicted sequence around the junction a; 
lactamase gene moiety-GUU.AAC. AUG-HFIF gene, wh 
the GUU triplet codes for amino acid 82 of the /Mftctam 
protein, 

■ Alternatively, a hybrid piasmid with the controllable latnc 
P L promoter in the clockwise orientation was constructed. 1 
acceptor piasmid was pPLc24, which con tains the Pl promo 
followed by an EcdRhBamBl fragment (derived from pMS2 
fref. 14]) containing the ribosoine binding site and part of i 
MS2 polymerase gene. The pPLa-HFIF-67-i Bgttl fragrae 
containing the HF-IF gene was inserted into the BamW site 
pPtc.24, resulting in loss of BamHi and Bgtll *ensitivity fc 
formation of $au3Al sites at the joints (Fig, I). In this m 
piasmid, pPIx-HFXF-67-8, a continuous reading frame starti. 
at the initiating AUG of the MS2 polymerase gene at 
terminating at the UGA of the HF-IF gene, cat) be predicted f 
the basis of the known nucleotide sequences of the MS2 poi 
merass gene" and of pHFIF-6 and pHFIF-7 (ref. 10). Ti 
expected fusion protein consists of the N-tenainal 98 sraii 
acids of the MS2 polymerase moiety, 27 amino acids coded ft 
by sequences be tween the Bglli site and the initiating AUG < 
t he HF-IF gene, followed by the complete HF-IFcoding regjo- 

C t*K> MxmSSos Josrosis : 
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H*. t Scbeaatie ou(E»e of aw Mettraoioa tf lis* diffewn! pterokSt. T* .» BF-J3F DNAb indicated by i i!«svy tirw, the boxed unit betas sit* codms rqpoa wifi At 
l»:!3tfcvs ijgajti. peptics iS}: ti>* trift»^« iatikat* list S'-*3' liiret&on »>f the itaeft. Tlx iscavy arrow icjdj^ites the. ttrobdt P t "p<Offloicf ceRtttrf eJjciaeol Th* 
* nip:-: : : :tf • texs t»ix* rfig&rs it liiffiwj w a shaded w*a. Art toifitTupikja of tba btia iif>e in ike sasfi ft ibow ih« ertws-ovet resk>» Kti <5sc bvcfiiatyt of ©tsf ©rigisMi HF-IF 
cPKA-^eo(ftiaiEtg $asraid$ Jt , sJA'dTtaskara indicated & wavy A.K.tp. $-iaGtM»s.«;rcpQn s^injf for resist i&ac. to Kmska& a »jx: ca?bc$idi3is; £*n, regsoo 
oodJes (or taettayda natoKws. To cmttrat pHj-HEJF-ST^ 1, pHEFIF-S DN A wra ci**ved with Jm«R1 imlM and Butted to pHFIF-7 »tach 6*4 d«»v*4 
-witSs *sd Atst .PoSwtes ligation, the Bjotare ih digested -vitfe J&eRJ tad iferO tod 8s*t«i is p?ls23 1 1 wisssb had teas digested *itfi £ceK *osf partisif y 
with HuEl. The aegncstt oi tiie outer eifeiea indicate tte tnjntnu ft taiised in tite jsPlx-MFiF-S <- ! cewnra£*ios>: only iSisse rwttKtioa lilts fttevtar » *h* 
iwatrwsdoas art sndksteij. Tniaftmaasa want ofcttined is CS09fSosJ(A ) wstSi iclectioft tor ksnafi>)'du resistajws wrt «cr«o«J for letaittviry to carfecafca&ia. The 
swtci«wofar«i>ie««at«t»*Ft*a&id.;rir^ Ec«R!, .fisri, SsJO*«iJHi«HS~H<>^i.T<jo;a>ljuapfi*-HFIF-6?-'Sl, 

Ae HF-I3-" £s« »M excsMisi Jress f>H*»HflF-*vM ni&Sflft, te&m^feyft*fawat*tl68«f fee tsmie:nifigp«ji<5i D« f!MS»S «M /fjMfi. wWdiAiM Ml ent (»» 
HF-IF (ECBcTb* DKA iigfciiid So f^FlstB, wiwete betri wilfa J^it.*nHJ> After Sig&iitJS* tits atuftvir* rtdigest^ Mail Btsf«Ri & ciits&are reo*cM3*rrr*xi 

j>Pi*8 soosjitof pisstssMs. Traraiortaaatt were ebtttod i!> C600r J»J(JS } ky stteetiea tor ksnJusyas re»»JiR« . Tk* iimcMsit of pFLs-HfTF-*?- ii w*s eaaM ij( 
tmtjfii* wjlh.AfJ «*S To osMttoc! pPL»4iHF-67-!2i!9. pfl*-SeSMU-ii «» pjutisiiy digesiai with fttecB *od lt|»icd « » to* DMA (OBMStntim 

{0.01 ii£ toT'), Tfec snrturi «w ihen digs****} wiih Xf Al. bj> tw*<hi4»ffi*r of |>r&dyri^ 3'-proiryiii»j -eiids^. ftjvrf reSigxttd it kiw DNA E&fsocftJratkmj t&«f* : by 
tKbsssBtMiy redoAsg ite yrobabffity &t raligslkto <tf tbs orisinsJ pPU-HHP-67-n jjiaaudj. Use rtrsictws o! p?Li -HHF-t?424iS wtt «xtads«i by £t(Mfca 
ift«JI tad Atd,Ta OJBScre«|>PLe-HFifF-«?.S, the 0N A of pHjs-HFIF-*1- ! nt digetitsS 8g.'3I tad Sifted into tJse flatuHJ-opcnst jgle&t t>fi A. "Ote 
Sgntea aiulsre «m txBge w ea «i* iiamil! ts> eiimma;« reHptt^ ptt«nta> pFLc-24 pisnassds, Trtjjsfctrswis ««s sele£te4 far MMMt » sajtenkSjas. The 
ittMrtSon and «rieot» !km ofite BgtB BMP trafocoi w» bed by ffincHdijesttot!, Ewjieuon «tayn«i (BiuS ats, Soeisringet of BEL) wsw mad aocORfiaf » 
*w sss!!«iici«ist'» »pK«t'k»!3!M». UjtsijoBi «e» turi«di eat tt 33 "C with T* DNA U|»t is THt^Q (50 mM. f«J MgC^ (5 aA(W ^-sseRspto<sli«»S p asMJj 
AH> f JOwAfi. iiref. 21). AS pi»js>iiis ware M W««»cs»y ow*fe«ed into £ wif M»» (812 M72 ist*. S»* ^CBSf AHi few 2$8lg", Eaxpaa*; t«K&ira 

were stepjxsd *y he^Sinj st 65 *C fof i 0 ma. 
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including the signal peptide. Hie predicted sequence around the 

txjc, sxa . a4 c . ttss . acts .ess . uss* , ca* . txa . cox , as *. . use . esc . &eu.s3rs.c<sc. 

V4j-Vs3-AxB-Si*£~ 

Tfss first amino acid, tryptophan, corresponds to position 9$ of 
the MS2 pc^jaerase. 

- All* cortatraeted clsiroaerie plssmids were transformed into 
K eoli C$OQrKStx(A} And, «*»r characterisation, transferred 
iato'K eoff {fef, 16), lowing the; seraperafure-depen- 

dent, controlled expression of the lambda P& (£. Rensaut « a/,, in 
preparation). 

Detection of IF activity in bacterial 'extracts 

Transcription from the ?». promoter on the plasmtds can be" 
rur»«l on,by shifting the growing culture from 28 to 42 *C. The 
synthesis of XP-retaed produces} was examined by assaying an 
S100 extract' of the bacteria for antiviral activity, (Table 1). The 
cells were lysed either, by lysozyme treatment fallowed by 
freczc-thawing or by heating in 1% SDS, 1% 0-me-reap- 
loethanol, S M urea. The extracts of temperatBre-indneed 
writ M5219 • containing .pPU*HOT-o742&19 or pPU- 
HFllH>7-8 showed a clear antiviral activity, which was 
repre^ucibly higher, with the latter plasssid. The same rsoo- 
indnced strains as well as induced M52J9 containing a reference 
piasraid {pFLaS} did notsbow any detembie activity. In MJ521 9 
containing -pPLe-HFljF-67-12, trace amounts of antiviral 
activity were occasionally detected after temperature sbifs (data 
not .shown),, presumably due 'to a rare reinitiation event. The 
rnacb "higher activity obtained after lysis with the- SDS, fi~ 
mercaptDtsihsnol, .area mixture indicates a possible nonspecific 
sticking of the antiviral productOO to bacterial components, tor 
Example, ceil membranes or nucleic acids. In parallel expert* 
snents is which authentic HF-IF was added to s control bacteria! 
extract obtained by lyscsyme treatment, only 10-40% of the 
activity was recovered. 

Lew but significant arnounU.of antiviral activity were detected 
in the supernatant after osmotic shock of induced MS219 trans- 
formed with pPLc-HFIF-67-S (Table I), When a more severe 
method of peripiasmic extraction was used {that is, spheropiast 
formation), some activity was a!so detected with induced MS219 
transformed by pPLa-HF!F-67-12A19. These results suggest 
that at (east some of the bacterial HF-IF may be secreted into 
the periplasmic compartment, perhaps concomitantly with the 



removal of the signal peptide; other explanations, however, 
cannot be excluded. 



The antiviral activity detected in rbe above-mentioned extracts 
of its dated bacteria was tested for several biological and physical 
properties eoaraaeristic of HF-IF {Table 21, First, the antiviral 
activity was nea-ensiysahte; after dialysis for 16 b at neutral pH 
the antiviral activity .retained, albeit often at reduced levels 
(winch was also the case tor aaihentie HF-IF preyaratioos). The 
observed decrease is presumably due to norsspeciSc sticking to 
the dialysis membranes, as HF-IP is known to be rather, .hydro- 
phobic, and the aaglycosySated bacterial form may be even 
more so. The antiviral activity cemld be recovered after pre- 
dpitatiorj with 67%. saturated ammonium sulphate, a concen- 
tration known to precipitate HF~IF ts . 

When tested for stability at pH 2, a common property of 
fibroblast and leukocyte interferon '„ bacterial HF-IF praved So 
remain active (Table 2), although again there was of ten partial 
loss of activity, but this was also the ease with reconstituted 
authentic HF-IF controls. 

The sensitivity of the bacterial HF-IF activi ty to protease was 
tested by treating the diluted bacterial extracts with increasing 
amounts of trypsin.. The activity was abolished at the same 
concentration of trypsin that abolished the activity of authentic 
HF-IF added to an inactive control Sysate. 

HF-IF, in contrast to leukocyte interferon,. is stable after 
healing in 1% SDS, 1% ^-mereaptoeihimoi SM urea", 
although we only-obtained 10-20% recovery of activity with 
authentic HF-IF, either alone or in the presence of an inactive 
bacterial extract {data noi.shown). The bacteria! HF-IF activity 
remained active in these conditions, as iysis of induced bacteria 
in this solution resulted in extracts with the highest antiviral tiwe 
f Fable !}. 

The antigenic properties of the E. coii IF activity were 
compared with those of authentic HF-IF. Serial dilutions of §©« 
ants-HF-IF antiserum were incubated with diluted extracts 
containing bacterial HF-IF activity and with control HF-IF 
preparations in the presence or absence of an inactive bacterial 
lysine. The bacteriai IF activity was neutralized by the specific 
antiserum,' but some differences were noted in the nentraiijang 
antibody titres for bacterial IF and authentic HF-IF (Table 2), 
Small differences in neutralization titre were also reported for 
bacteria! leukocyte IF when compared with authentic leukocyte 
IF". This can be explained by a difference either in antigenicity 
or in specific IF activity of these bacterial proteins relative to 
authentic IF. 



IfcMt t iatratooa activity in exmtett of £. r«Sf MSI i 9 mt>$iotmc4 by eipreision plraaidt etmuining flit HF-IF aoAftf. ie<|«««c* 



Si00«xu*«tt after $100 tsxrmuittt Psripitiaik ff»<3ion: ?*iifhmiefne6o*: 

iysis by lystRyase iyta with SDS, j}. €Maa6e ibadt spaemeJiM {orssstiion 

F5»suiid T«rap<:r»lu« *ad S«:eje-th*ftTSs 0) BjereajstisettiMts!, uras fit) {!!]) {TV*} 

•*2 *C 208; 50 2,0»; 3.000 38 30 

^PUS ' 42 -*C <3(<1 <iee ; <i«5 «2 <2 



LB awdittBS <ti£>nd> *M ieasaSHfif! wti J/580 w»Mee ot * &etb «»*d ajttsirt, wumuti si 28 *C «a«J «aisUn»*4 v:js>rt»ss M*C ma& s ceti 

cottcsauituojs ot 2 y- J tf* snJ" 1 was r*jtdid£ 1ada<ai<j» waj by jtiwfUag the issssperstMr*; to 42 "C AJjd us£tih*tj&ft o{ the fi^jv^* ts>f 3 h i& t &ft*5 coec*ctt 
ee&uo!" 1 . The <*& mens csUeHsd «ntf s'ished Tm-HQ i'50 ebM, jsS 7.4% f*»Q (36 sssM) mkI repeSiettsd. Sevcnti SsRsteat eRmtiioo fmttimvl *e»e *»*&t i, n« 
basterua peSet «w (mapea&d is t 8mS «s!»js« W m **k HEPES-NaOH {SOmM, fU 7.SJ, N»G 08atM)3% calf tenm, f-mefapt***** (SmM), » «ale» 
?ysa^*&s iSt^srj*) *« tdd«S t£> J fie* vsi~ ■. Aftex t«c«'h»iit>a *i i?*C tor 3-8 «a±&, tht tufrjectciOR itife)c£tfji is ost <jr nve> tre*i--t?i4»in£ cydest. Tt»- S300 ff?erk>!t 
prcjnndtfy ttitmtststriiiiptioB tt iOJXC s.pjss. forljiia* Secfans SWS0 Ti rotor, n, Tbe d^h wsre tettapesdsd us in ! tn&iytei'm HEfES-H^OH ($0«aM, pH TSit. 
H»Q {JGmMl, 3% c*8 Kreas, 1% SUS, !%• j$HBen»{«sedniie). ore* fj iSi *s 90 "C forJ-iaus. .CSesrinj !>>• uIuieewriJBtytiiojj wh t» is !. JB, Owsotic Aoek 
5>!oc«i(ife": ri» buterid MM peilet«»»te*ii*j>*a*d is 28* waose, EDl'A (too «M), Tsit-HQ iKXt EaM, tHIA}, to *eeli coosmtntiMef J x S8'* toT'. Aft«r }fi«js 
at & *C the susjicjai^ va$ £e&tsi£v.$£& hss i & Ktts at 3 S.OOO r .pja. The t«;JJet was rfcswsp« jid-d in watet to a etJ3 c&rjetrsTraticrt at 1 * Ki^si!".*. Af^cr JO mis ^>oke, tJsc 
sisspeiusoE ww dfisns! tor SOsatt! at S 0,000 x.p.ss. To tJtii enao^e thtsck wtpmnuat wis' added H£PES-N«G£i {50nM. fMMritta OOsaM), j6- 
werctptoeifaDoi {3 «M$ *$4 3% aalf *eftaB..tV, Ctai .wste tetu^eoded is 3.6 out e( 0.1 M Tfii-HC3. fit 8,5, 5.0% tuerau, to »hi<r< 0.4 net of Srsosysse fS isss ost^' Is 
EDT;4 £2G aiM^ **5 a<kt«4. After wxu;t:*rk-:tt 3& jaia st 0 *C* th* **jSfKR»k>a cejatritw^td i&f >i> mia »t tO.000 s^?,so- *Bit sttp^nuuaic^ *a Mjjts&^J r& 1% 
acrtisj. IF activity ^M tgguHaj^ ^ * cyt&pfttaic cfifet* (CPE.Vtr:!iib*ti&R a***^ btutvas f:t'rot>U»ls trisaasic tor c^rtjjao«>aic 21 in sakrotive &*yi, the «S» »e*e 
^aUeafcd witfc ra»t5iJ*ijf|ra*t»tB virss (taKaoa «tnis) «sd Um CI'E «» rceoxftd at 24 h. AS «oay» indsdetS m imemai {eferssec atMcb wan calibfateiS «t«iaat 
tJsc NBJ HF-IF n|«i«««e OO23-S02-S2T. TJia iusi! afdeiteacia, aotawSy i rait itf'.Mj ottes ekvsttd tttus ta tojefesty ot eenam wmpiet 0arfeMafit,{ata« MMt^ca. 
(Ataimd with ssethw! fl. the fimit oi detectjoo **i 30-t(X) unitj ait"*), tic tjnej ste eiq»enett tu twits ai!"\ altkjui^ » ahcKilet fee noted Jlsat tbey ware aMaaaeA fcy 
Q-S.iogj^ tiiluticmj. 
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Bj. 3 Po!j*wy5*«B<!.i jc! ptttns ol aaoeritl KF-tF »sn3 wtiwsstk KF- 
EF. "Hi* ft>ik>wirtg: 30C-~ii3 «*fflp(« wets fended w: sjofc t3f'2fii» «.'i<Ub fi. 
atstbersttc HF-SF in U*gk ; * isssiin*! ewcnti*} ja-edhija, 3$% ei&iertsaa; 
aaitwritifi HF-5F in t»»«o5 SweetM sibmi oi MSZtt/pHUS (42 *C3; c, 
bjcjeri*! «x<r»ct of M5219/p?fa.HKF-&7-8 (42 'Q; ^ twuseritl ettnct oi 
M5219/pH.*-t^mF-67-12iilS . <«*C), 'X-t&beita} ptottin KtWJrei* " 
' fcitetttjjiircjrasd in ws equiviteRt atms-ussf nt bv&e$u3 of 
M32J9/£PLe-KF3F-67-S {42 "C5 we tiwws *> 'to roseflioo in d. B*rtm«i 
fisttstca were ptfeyattd by rrw&aeijt witfct SDS, £**&er£iprfi*ihftj>st 
ttfci isotjspstre witfc preecdars U is tt$tv>d yz T&bte J). A£ **af&E«s wcfe 
t*iik*i for i asiji b^ots- ekt(2yseph0fsa» wiiieit w« ran *c«>fdij}£ to 
LaeaisaK 54 in 52.5% poJ>*^-i*a^f^.iy^vilypf»fik!»(i, *, s,</}*c« 
obtained itiet ehttfcm of taoxnim Q3«a* fet fat 3 5 & ix 500 id. «< 
04% feriviae Jtytun il>>MRiia is 7m {0.012.S M), jSyem: (0.096 M). 0,05% 
S0S fotkwd by the actmrti iF *B»jf fewapM* with tejtcwS w.Tsbie !}, 
Axtent *18> roEeatfw weight aanetpcfxiiBS fo "C-bbeikd gutfter* lire 
inSemim top. 



MF-1P fe lftrgeiy species specific, exhibiting iMe Cil say) 
antiviral etTecrorrheteroJogoui celts 1 . Consistent vnth this pro* 
petty,, bacterial IF*Bowed no detectable antiviral protection on 
ceils of monkey, feline, t abbh of mouse origin .(Table 3). With 
respect to the £eSwe cells, bacteria) and authentic HF-IF behave 
differently irons isafu&n Seafecyie interferes^ 

Further evidence substantiating the presence of active HF-EP 
in induced- is. call extract was provided by demonstrating the 
induction of 2', 5'-oiigoad«»yiat* (2-5A) synthetase, Kerr et 
al. JO first reported that kterferoa feeretees the level of this 
ensryrne in susceptible c«&. As shown k Tabic 4, appropriate 
bacterial' extracts were abie to enhasce fee ioeoi|»of3tion of 
[fif- 5 *F3AlT pppS'A2'pS'A2 f p5 f A. T&« 2-SA synthetase- 
iatittcing activity of the bacteria} exfntcu was ptoponionsi to 
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their, antiviral activity. This bacterial IF activity was likewise 

newtraitad by ajiti-KP-iF Witisantm. . 

Ske estteiatlonss e! bsctsrikl HF-IF 

To estB»at« the sooSea&r weight the bacterisi IF activity in 
comparteots vtith authentic KF-EP, bacterial- tattracts were irae- 
donated by poiyaoyjanade gtl eleciroplioresis in denaturing 
condirjoos and the antiviral activity determitied for eiuates f rom 
successive sSces (Fig. 2). Whilst satherttic HF-IF stowed s 
single peak of activity alter ekfitrophoresss, the bact£naJ <IF 
activity appeared in two diSerent peaks. Very acctoate xttokca- 
iar weights ostiid not be assisted because bf instiiBdetst resolu- 
tion of the gel; this was nsainiy due tb .as overloading eSect 

TaMi I ChsracteraasioR at the bsneri»! HT'-ff JK*!vi*Y 
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MS25S/pF!.Ji-}iF3?-«.12iiS9 1« "QOI) 
MS2i9/pPU-HFIF-S2-S !«I*C) 01} 
il.OOO units jsr'i 

Co9»c! HF-EF is M$2!9/pPLi8 («*Q (JJ) 
: :,i>:*»ci!J :;>.!' ; I 

MBZWsPU-HfJF^iT^ f*2 «CJ ft!!) 

Camrot OT-iiF in MSit 9,'f>FUS S42 *C) (HI) 
i3G wpimBt" ( 3 



0.03 
0,03 
8.(8 
0.03 
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SO"; lO" 
J0 W ; JO" 
10" 
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pFU-HnF-*2-8 {42 *OflJ 
s'Jtj 
fl!J) 

C^flttoi HF-iF in of MSZ I9/pPL»8 {42 "Q 
l*te-HHP-f7-» <*2 *Q i'ffi; eiasion pvkk A 
iiutiott pijllf B 
Cmttvi KP-JS 1 eiutesi tiem poiyntryiwHMte gei 

. - Ctxitftjl kukocyw £F " . 
^. A^ti-vwaJ scQvjtv in ^cmJO|«Njs <«0s T«bfe 3> 
k. 2-SA jyniivctftsfi indussicrri ;>« Tst>J« 4; ■ 

fbik>winj£ e«5>erimffnt*i oi£ttN>d* -wcrfi y«d tor Shfi ctitnctenzKtibfi: 
tiiikfjiij tt oCTirsi fjj toolc pt«cs overnight *! * *C sgwast fth-sphiie b«Sef»} 
uiine (PBS). ^ r T*h&vciitiij>eiftf i*jtiifcf»ttd{NHc)jSO< sojiasioiiwej* sddeittoofifi 
voiBSE ot eitmct. After 30 oia an i<«. (be pefitt «m «MStridt(ed at 12,000c fc» 
10 am »sd reiijsofusd in PEiS. f, T)>s tnaetii} c«nrco «e« aitfter AabMi fw 
IS a »gumi »i>-«iKvMa <50 ssi, pK foitoweiJ by d«ly»a *jmj»iPBS for S a, 
&r K&ted with HQ, tatttnxsd bj oeattaKntkw mO> fftiOH, Al«a Mnovd at s!s* 
pf«cti>i!i t< (is sBiivif »i scti«ty ^eteresiatd. *, Xtypm dirofieit wa tor tail 
37 *C i»-isJi sent! ijiluiioai <rf the sssyase added i» »Se iiitutsd «Mta«. H» towest 
ttytsin tsNiwnltK (w>» tisat compkteiy jbesiisbed the >n!iwra3 sctivity ais&asScd. 
Tfec irififsody neurtiiaiion atuyi were tarried m ewensi»Bj t» detoftwsi ^ 
H»«sB « ai 15 . Ai>OBt 1 0 ttnia bj)"* oi lia prep«r»tjOfB *er« iacutAted for t tt st 
37 *C with <cri*> ditetksfa ot ftsis ssts-HF-EF iBttemtn, itte »*kis tte renidai} 
sKiiwiii imivity is«t d»:sntu«4, VtJu« *rt f»etent£d at (MMnlsiiig titm. ifeit 
at, Hut highest diiatkwsot sjjtiwsttHa sfcki eeutraisBRj the prettecfrre <Sf W by 
S&% mwhipiie^ fet^ th* w>ffirfftn?Ji titrc o£ tke s&mpLic uuyed. jRcesJt?i atitssfiTsi* ia 
pMtsiheie* refct te tfse enr«3kiB aethoaj sStsssrBjesf io T»feits J. 
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ijesesojiissd. 



which resulted in s dsSeretst nwgratwo of the proteins, as 
revealed by tsternal ! *C-lafeeiSed protein markers. Both peajes 
were neutralized to the &aine extent with atils-HF— IP totisenaB 
(Table 2) and did not show detectable IF activity on hetero- 
logous cells (Table 3). The first peak, corresponding to an 
approximate molecular weight (MW) of 13,000-18,000, may 
have arisen by haphazard proteolytic cleavage of the fusion 
protein, or by limited bona fitte processiog at the now internal 
Signal peptide, or by a ctjfi&binatiot! of both processes. As shown 
previously, the absence of the carbohy drat* roeiettes results is a 
protein which migrates in polyacr^lamide gel to a positioa of 
about 4,000 MWbeJow the authentic ^yeosylated HF-IF 1 *. Use 
15,000-1 8, GOO ~MW component, dearly present t» E.ct>U 
M5219/pPLc-HFIF-67*8 extract, could also be detected at low 
but still significant levels to MS2X9/pPLa-HFIF-67-12A19 
extracts. The second pe.sk, mth an apparent higher molecular 
weight, could correspond to the {used prokaryotk HF-IF poly- 

TsfeSe 4 2~ik »>-ntiet*M: iwjaciag atJfvitf of fesetin*) Ijrwta sad >u 



. M5219/pPLe«-HFIF.«~8 (« *Q ;.!ti} 

MSi a/paa {■*? *o «hj t<2 w>>» »r 'i 

Comal HF~iF !JS saaiaBsS" 1 ) 

fSOBBBWua!"') 
Oooiroi HF-iF a(30 ssoto »)"') 

MJ2IWpFtji.HHF^7-mSS> t« *Q ffl 
p}» 5 E.B. per BSJ iiiti-HMF 
ptst 3136 !lo. per sj) satti-HF-IF 

pis* J ca, pes tai s»t!*HF-{F 
j^sn 100 sui. j»r jai wsts-HP-IF 
j>!b* 10009 tttt. per mi satj-KPntF 



its CpJO.) 
2~SA trirsKf 

3,65»5 

f-t3«5! 
1.120 
4,338 
10^73 

1,Q1! 
42,193 
2S,t«3 

n,*?s 

12.1 SS 
7,W2 



AH «uspte» vera delated ssJ&kJ is} of tcnfoU {*) beJwt tw>. Ajctjrw»i silrat 
(btf/wr diJatioai} tst ffctb in p&fefltheMst. Nfi«(r»iis»ii<Ki with j^*t «:ott-J3F*IF 

pstretKbeara refer to tise entftsieo ssefiods de«jit>«3 in T»tste 1 tefsad The 
oW»iFi«S y*Juo sets rated «fttr«t)toK*)OR of (Jk etjiJo(isiKMa btdefrouad tethity: 
3^42 tpaR, >o a wssS !,Cf7S e.p^a. to Tbc tytxaetMe *M*r «•» aodifcii 
(rem K&ssy « «l M tod MsoSa « «t**, CooS«eai meosteytn o< Hei* «ik i» 
saicR>!j£f« jrf*tet wifit) were ctettttJ wih !1k diiutK) is»asrsiiJ estirass ssrwjiii 
isaairo! H?-iF tor 20 k. Ati« tootot *»d wsiisaj wita N«Q mMKTtj-HC 
05 asM, of i T.Jj, «be esJfure* were few* s» 5 »iJ (a) «c 30 jti i*) af fj J% KP4S, 
PMSF (ImMX H*Q {!40BsMi, trif-HQ »S»oM p« 74K After tiatsbt 
vijpromiy for JOsois si 0"C t»e iyMies fete cailea*<J *<xi aj)irasit«J tor 
20 aiin *t 10,00l)f. 3^S jjJ o# tupenuunt wtx iwssisted (of 2 b »t 31 *C in 6 yl 
at KOAs {100 bM), r,f«(OAc^ OS rftM>, HEPES-XO» 00 mM. f*t 7.4), ATP 
f$ saMJ, rraa«e-S,S-ix»-pho«pia!i t* t>TT S S mttfX poiy J C B0 erf* 1 ) 
*nd 2 ttO of Jyophsliwi fa» "PJATP *400 D wnT't the «e«tioi> w»$ Mapped 
it? fee»«!Bj! for 3 suft «t W *C *ad the »mpSes were «MMCd with 1 50 toria jb!"' st 
«tS teterttoe *lt*lsse p)M^»kM*te CBeehrnfer) M for i b. Alter dmisb 
t ji! to (petto! <jo I*I3-«5:4}«Sis»c tiiHJ-iijti pt*ics «tni djroossstosripSitiJ is t M 
sdd tor 2*-3 pbterw$p£*iito?»dio$r*r>r(ed ftndiijeiiK!&r^<i?4ijo^i>i 
n P is th« 2-5A tiiraer vt& s!eH:rjsiH>etS, 



peptide, or a siigMSy processed form. Tb& tetstativt 
ideatiftcatioti of the siower moving HF-tF setivjty peak as tltt 
ftision pfateio is streogthctied by s difierent nsipatioB of tb< 
activity in the extract of M5219/pPLa-HFlF-67-12&19 {with i 
prediaed fusion proms of about 28,000 MW) compare*! to th< 
MS219/pPIvC-HFIF-S7-8 extrart (with a ppediaed iixskstt pro 
tela ol about 33,000 MW) (Fig. 2). The fusion protesrw taa; 
themselves have some activity or be processed to ats BCtiv< 
product at the time when the bastsriai estrsot {or gel ehiate) i: 
applied oato the hvwm «8$ for the antiviral assay. 

Conclusion 

We have tieinorBtrated t'm expression of HF-IF activity ic 
B, coU. This syrtthesB depends on the presence of the HF-IF 
cDN A geae in the appropriate or icntatiors and of the ts>ntroiied 
jndstctiort of transcription front the Pj. promoter. The atttivtrai 
acttviQ' obtained from E, coti is due to the presence of poly- 
peptideis) which for ail pbystcoehetnieal, biological km) 
ittunttnological characteristics tested dosely resembles sathen- 
tic SiF-IF, PoiyBcryi&!»id«: ge! eiectrophore*is resolved the 
' bacterial JF activity into two different size classes; the smallet 
componefsi presuroafeSy resuited from a post-tr&nsJational 
cieavage of the fusion proteins. 

The HF-IF produced in E. coli is still low in litre (about IOC 
units per 5 x SO* ceils ml" 1 ), bat undoubtedly this am be 
improved- by better plasmid construction*. Thus, we hope to 
produce sufficient quantities of hactcrial HF-JFto compare its 
biological and nhsimscoiogicaf pr«^>ertie« with those e! 
authentic glycosylated HF^LF and of bacterial fculcocytc IF, and 
perhaps to e valuate its potential dliucal appljcaitoos. 
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